I. INTRODUCTION
Condensation models play an important role in the simulation of devices such as steam turbines, gas-vapor separators, and combustion engines. At the heart of a condensation model lies the general dynamic equation ͑GDE͒, 1-3 which describes the evolution of the droplet size distribution.
Usually, the GDE consists of independent nucleation and growth terms ͑and possibly coagulation terms, which are not considered here͒. The nucleation term describes nucleation as the addition of new droplets to the system at the smallest size considered, generally the critical size. A separate droplet growth model describes the evolution of the droplet population.
However, in reality, a single process-the stochastic size changes of molecular clusters-is responsible for both formation and growth. The kinetic model, based on this notion, consists of the kinetic master equations, which describe the concentration of clusters with discrete sizes. This model can be regarded as the most rigorous representation of a system with nucleation and has been in use 4, 5 since the groundbreaking work of Courtney 6 and Abraham. 7 The GDE differs from the kinetic equation in three ways. First, in the GDE new droplets are inserted into the system at the critical size. There is no information on concentrations of droplets smaller than the critical size. Second, growth in the GDE is fully deterministic; stochastic effects are ignored. Third, the size distribution in the GDE is continuous, whereas in the kinetic equation it is discrete.
At present, little is known about the effects of the GDE approximations on the predicted droplet distributions. Gelbard and Seinfeld 8 compared a discrete-continuous GDE with a fully continuous GDE and reported agreement. However, the boundary condition of the continuous GDE was chosen such that it matched the solution of the discretecontinuous GDE. Chesnokov and Krasnoperov 5 recently compared an extensive kinetic model with a more limited kinetic model and did not make a comparison with a continuous GDE.
Hagmeijer et al. 9 applied the GDE to a condensing flow through a nozzle. In this study, the GDE was also used for droplets smaller than critical, while new droplets were still inserted at the critical size. It is unclear how accurate the GDE is below the critical size.
In this paper, we compare the GDE and the kinetic equation, both theoretically and numerically. The kinetic model is summarized and its relationship with the Fokker-Planck equation is shown. From that equation, the GDE is derived and an analytical solution of the GDE is given in the case of constant temperature and supersaturation. We then numerically evaluate the kinetic equation and the GDE in two test cases, focusing on the differences at both small and large droplet sizes.
II. THEORY
For the evaluation of the models, we consider a supersaturated vapor at temperature T with monomer number density 1 . Both quantities are taken constant for simplicity. This approximation is reasonable when a dense carrier gas is present ͑for thermal equilibration͒ and the amount of molecules in droplets is much smaller than the amount of monomers.
The supersaturation S is defined as S ϵ 1 / 1 sat , with 1 sat the monomer density of a saturated vapor. The work of formation W n of a cluster with n molecules is 10 W n /kT = − n ln S + ⌰n 2/3
͑1͒
with k Boltzmann's constant, and ⌰ ϵ͑a 1 ͒ / ͑kT͒ with the surface tension, a 1 = ͑36͒ 1/3 v 1 2/3 the molecular surface area, and v 1 the molecular volume. The work of formation reaches its maximum value at the critical size n ‫ء‬ = ͓2⌰ / ͑3 ln S͔͒ 3 .
A. Kinetic model
The kinetic model used here is the Szilard model, on which the derivation of classical nucleation theory is based. In this model, clusters can gain or lose only single molecules, and cluster-cluster interactions are neglected. The rate of change in the n-cluster concentration is then 10, 11 df n dt
where f n is the number density of clusters with n molecules, C n is the rate at which molecules condense on an n-cluster, and E n is the rate at which molecules evaporate from such a cluster. The current or flux J n , the net number of clusters per unit time and volume that grow from size n to n +1, is
The condensation coefficient is the product of the sticking probability ͑assumed to be unity͒, the collision frequency per unit area, and the cluster surface area,
where m is the mass of a molecule. The evaporation coefficient E n is found by the detailed balance equation: at saturation ͑S = 1, denoted by superscript "sat"͒ all J n equal zero, so Eq. ͑3͒ becomes
The evaporation coefficient is assumed to be supersaturation independent. For the size distribution at saturation f n sat , we take the Courtney form, 12, 13 
The combination of Eqs. ͑5͒ and ͑6͒ allows writing E n as
͒.
͑8͒
For constant temperature and supersaturation, all fluxes J n eventually converge to the same steady-state value denoted by J, given by
. ͑9͒
B. Fokker-Planck equation
The set of equations of Eq. ͑2͒ can be transformed into a single equation in which n is a continuous variable. The quantities f n ͑t͒, C n , and E n become the functions f͑n , t͒, C͑n͒, and E͑n͒; the arguments n and t will usually be omitted. Following Kashchiev, 11 quantities evaluated at n − 1 and n + 1 are approximated by second-order expansions around n,
The first term on the right-hand side of Eq. ͑12͒ corresponds to diffusion in n-space caused by stochastic fluctuations of the cluster size, with a diffusion coefficient of 1 2 ͑C + E͒. The second term represents the deterministic cluster growth or shrinkage caused by the difference between condensation and evaporation, yielding a drift coefficient of ͑C − E͒.
It is advantageous to replace the number of molecules n in the cluster by its radius r = r 1 n 1/3 , where r 1 = ͑3v 1 / 4͒ 1/3 is the molecular radius. The radius distribution function F͑r , t͒ replaces the earlier distribution f͑n , t͒, according to fdn = Fdr. The Fokker-Planck equation in r space then becomes
with diffusion coefficient
and growth rate
͑16͒
where the kelvin number is defined by
The approximate results of Eqs. ͑14͒ and ͑16͒ were obtained by using Eq. ͑8͒ and the approximation C n−1 sat Ϸ C n sat . From here on, we also discard the term with ͑r 1 / r͒ 4 in the expression for ṙ, leading to a simplified growth rate known as the Hertz-Knudsen growth law,
For large droplets, Ke → 0 and the growth rate ṙ becomes radius independent. The e Ke term in Eq. ͑18͒ represents the Kelvin effect, which corrects for the droplet curvature. At the critical radius, e Ke = S and the growth rate is zero. An important consequence is that at the critical radius the drift flux ṙF in Eq. ͑13͒ equals zero, so that the passage of the critical radius in size space is always dominated by diffusion.
C. General dynamic equation
The first step in deriving the GDE from the FokkerPlank equation is neglecting the diffusion term. This is justified because the diffusion coefficient D of Eq. ͑14͒ rapidly approaches zero for clusters with radii r ӷ r 1 . We shall ignore here the dominance of the diffusion term near the critical radius. The GDE thus becomes 2 The function t͑r͒ of Eq. ͑21͒ describes the characteristic curve in the r-t plane that crosses the t axis at r = r ref .
Other characteristics can easily be found by shifting the curve in the t direction, and Fig. 1 shows several of these. Later, we will also require the inverse function of t͑r͒, denoted by r͑t͒. The r͑t͒ function gives the radius of the droplet formed at t = 0 and r = r ref as a function of time.
The absence of the diffusion term means that the GDE of Eq. ͑19͒ cannot describe the nucleation process, the growth of clusters from monomers to the critical size. The growth rate ṙ is negative for clusters that are smaller than the critical size, so that supercritical droplets cannot appear. To include nucleation in the GDE, usually a source term is added to Eq. ͑19͒ in the form of a delta function, 2, 17 so that the GDE becomes
where J is the steady-state nucleation rate. The nucleated clusters are usually inserted at the critical size because a cluster of size r ‫ء‬ is regarded as the smallest stable cluster. 2 However, from a thermodynamical point of view, a critical cluster is in unstable equilibrium. Therefore, in most growth models, the growth rate of a critical cluster equals zero. The solution of Eq. ͑22͒ then becomes problematic because the nucleation term can lead to an unlimited droplet concentration at r ‫ء‬ . Still, Eq. ͑22͒ is commonly used. In those cases the problem at r ‫ء‬ does not occur due to a time-dependent critical radius, 9 for example. If the critical radius is constant, the GDE therefore cannot be used with the above delta function. A straightforward way to avoid problems is to introduce nucleated droplets at a radius r n that is slightly larger than r ‫ء‬ , thus forcing the growth rate of the droplets to be positive. Such a modification leads to a GDE in the form
We will now solve this GDE with the initial condition
Hagmeijer 17 presented the general solution of such a GDE in which J, ṙ, and r ‫ء‬ may be time dependent. If these parameters are constant in time, as they are here, a solution can be obtained in a more straightforward way, as we will now show.
The general solution of the GDE is equal to the general solution of the homogeneous equation ͓Eq. ͑19͔͒, with condition ͑24͒, plus a particular solution of Eq. ͑23͒ with condition F͑r ,0͒ = 0. We start with the homogeneous problem of Eq. ͑19͒, which represents the evolution of an existing distribution with negligible nucleation. The solution has already been given in a general form in Eq. ͑20͒. Evaluation at t =0 and substitution of Eq. ͑24͒ results in an expression for the function g,
For times t Ն 0 we can write Eq. ͑20͒ as
The function r 0 ͑r , t͒ gives the starting radius of a droplet, that is, the radius the droplet had at t = 0. Using the value of g from Eq. ͑25͒, the solution of the homogeneous problem becomes
F͑r,t͒ = F 0 ͓r 0 ͑r,t͔͒ ṙ͓r 0 ͑r,t͔͒ ṙ͑r͒ , ͑28͒
which corresponds to the solutions obtained by Loyalka and Park 18 and Hagmeijer. 17 The expression for r 0 in Eq. ͑27͒ can be simplified by choosing r ref = r, resulting in r 0 ͑r , t͒ = r͑−t͒. This relation is illustrated in Fig. 1 .
Next, we consider the particular solution of Eq. ͑23͒ with initial condition F͑r ,0͒ = 0. This problem corresponds to nucleation at constant temperature and supersaturation, with At the critical radius r ‫ء‬ , which is taken time independent, the growth rate is zero and the characteristics are asymptotically vertical. The dot is a droplet with radius rЈ at time tЈ, with initial radius r 0 ͑rЈ , tЈ͒ and radius history shown by a thick line.
no droplets present initially. In this case, nucleation can also be represented in the homogeneous equation ͓Eq. ͑19͔͒ by the condition of constant flux Fṙ at the radius r n , 11 F͑r n ,t͒ṙ͑r n ͒ = J, t Ͼ 0. ͑29͒
This boundary condition replaces the delta function in Eq. ͑23͒. When substituted in Eq. ͑20͒, the initial and boundary conditions completely determine the function g; it is a step function, whose value changes from J to 0 at an argument of t͑r n ͒. When r ref = r n is chosen for simplicity, the solution for the distribution becomes
which is a special case of the solution presented by Kashchiev. 11 The function r͑t͒ with r ref = r n gives the radius history of the first droplet, the one formed at r = r n and t =0. Since this droplet is the largest one at any moment in time, the function r͑t͒ also represents the radius at the front of the distribution.
For our computations, we will not need the general solution of the inhomogeneous GDE of Eq. ͑23͒. It can, however, be easily obtained by adding the right-hand sides of Eqs. ͑28͒ and ͑30͒.
III. NUMERICAL APPROACH A. Kinetic model
The system of differential equations in the kinetic model ͓Eq. ͑2͔͒ was reduced by the discrete section method, 19 where size space is divided into sections or bins. This method is most often used to solve large systems of kinetic differential equations and is accurate if the number of bins is large enough. 5 When the division into bins is made, the average cluster concentration f in a bin depends only on the fluxes J n at the bin edges. These fluxes are estimated using a linear interpolation of average f between two adjacent bins. After sectioning, a reduced system is obtained with one differential equation for each bin. The structure of the system is the same as Eq. ͑2͒, but with different coefficients in the place of C n and E n , and bin averages of f instead of pure f n . If a bin has unit length, its differential equation reduces to the original equation from Eq. ͑2͒.
Usually, the length of a bin is taken proportional to n, 5, 19, 20 leading to a constant number of bins per order of magnitude of the cluster radius r. Instead, we chose the bin lengths such that the bin edges are equidistant in r space, and the bin length is then approximately proportional to n 2/3 . Our choice is better suited to the problem we are solving, for two reasons. First, we convert the computed distribution to r space, and the density of data points along the r axis is then constant. Second, because the growth rate ṙ converges to a constant, the growth rate of the number of bins also becomes constant.
We used a bin length of 0.005r 1 in r space. In n space, the bin size is discrete and rounded to the nearest integer ͑or to 1 if it is less than 1͒. The first 1000 bins then have unit length. Comparisons were made with a bin length of 0.0011r 1 
The equations were made dimensionless by scaling the cluster concentrations with the monomer concentration 1 and by introducing a dimensionless time ϵ C 1 t. The reduced system was solved by numerical integration using the Crank-Nicolson method, 21 with dimensionless time steps in the range of 0.02-0.04. The lower limit of the solution was taken at n = 2 instead of n = 1, by keeping the concentration of dimers at the constant value f 2 = 1 sat exp͑−W 2 / kT͒, consistent with the Courtney distribution. 12 This limit was chosen because starting at n = 2 allowed the use of larger time steps, while the solution is relatively insensitive to the lower limit. As a test, several solutions with lower limits at n = 1 and n = 2 were compared, and negligible difference was found.
B. General dynamic equation
The GDE was made dimensionless in the same way as the kinetic equations. In addition, the r coordinate was made dimensionless by scaling it with r 1 .
In the case of nucleation without an existing distribution, the solution was directly computed from Eq. ͑30͒. In the case of an existing distribution without nucleation, a different approach was taken. Before calculating the solution, the timeindependent values of the t͑r͒ function were computed in the size range of interest, as follows. Interpolation between table values yielded t values with a relative accuracy better than 10 −4 . The r͑t͒ function was not precomputed but implemented as the numerical solution of r in the equation t = t͑r͒. Equations ͑27͒ and ͑28͒ were finally used to obtain the solution at several times using the same precomputed t͑r͒ for each time.
IV. NUMERICAL COMPARISON OF THE MODELS

A. Transient nucleation at constant temperature and supersaturation
Both the kinetic equation and the GDE were evaluated for conditions corresponding to water vapor at 228 K with a supersaturation of 20.6 ͑shown in Table I , line A0͒, with no clusters present initially. The resulting distributions are compared on a logarithmic scale in Fig. 2͑a͒ and on a linear scale in Fig. 2͑b͒ . While the logarithmic plot shows the differences between the distributions well, a linear plot is necessary to assess the predicted total droplet concentrations ͑the area under the distribution͒.
A major difference is the absence of clusters below the critical size in the GDE result, in contrast to the high subcritical concentrations in the result from the kinetic model. This is, of course, caused by the introduction of new droplets at r n in the GDE. On the other hand, the GDE overpredicts the concentration of clusters that are slightly larger than critical because the growth rate is small there and the concentration is inversely proportional to it. The peak in the GDE result near r ‫ء‬ thus reflects the singular behavior of the original GDE ͓Eq. ͑22͔͒ at the critical size. In the distribution from the kinetic equation, however, there is no singularity or discontinuity at the critical size. On the contrary, the concentration decreases smoothly with increasing radius.
It is interesting to note that Ramabhadran et al. 24 derived a condition for which the diffusion term in the FokkerPlanck equation can be neglected with respect to the drift term. They state that for most distributions this condition is satisfied and the simplification is justified. However, it is clear that for sizes near the critical size and in the front region, the diffusion term remains important.
It appears from Fig. 2 that the distribution eventually becomes independent of r for large droplets. In fact, the steady-state distributions from both models are radius independent for large radii because the growth rate ṙ is also radius independent there.
The front of the distribution is also a region with notable differences between the distributions. The front of the GDE distribution is always sharp, unlike the smooth front from the kinetic equation because there is no diffusion in the GDE.
However, diffusion is not the only cause of the flattening of the front in the kinetic model. For small radii, the growth rate is strongly size dependent ͑large droplets grow faster than small ones͒ and this stretches the front over a larger radius region as it moves in radius space. Another reason for the smooth front is the initial time dependence of the nucleation rate in the kinetic model, whereas the nucleation rate in the GDE is taken constant in time. Including the time dependence of the nucleation rate in the GDE, like in Ref. 11 , will probably improve the agreement with the kinetic equation in the front region.
The thickness of the front from the kinetic equation depends on the nucleation conditions. To quantify the dependence, we define the front thickness ⌬r as
where ͉‫ץ‬F / ‫ץ‬r͉ max is the maximum of the absolute value of ‫ץ‬F / ‫ץ‬r and r max is the radius at which the maximum occurs. Further, F s ͑r͒ = J / ṙ͑r͒ is the steady-state radius distribution. ͑F s is the steady-state value from the GDE, but for r ӷ r ‫ء‬ the kinetic model has the same steady-state value.͒ The thickness increases as the distribution grows to larger radii but eventually becomes constant as the diffusion becomes negligible Numbers 0 and 1 denote conditions during and after the pulse, respectively, and B and C refer to the two cases in Fig. 6 . Table I , line A0. Distributions are shown for several dimensionless times = tC 1 . The GDE distributions at = 1 and = 2 are so narrow that the beginning is indistinguishable from the end. The initial radius in the GDE was taken equal to r n = 1.01r ‫ء‬ .
and the growth rate becomes constant. The asymptotic thickness, therefore, depends only on S and ⌰. The asymptotic thickness of the front was calculated for S Ն 3 and ⌰ between 5 and 25, while keeping the critical size n ‫ء‬ above five molecules, and the dimensionless nucleation rate J / ͑C 1 1 ͒ between 10 −100 and 10 −5 . Figure 3 demonstrates that the thickness is largest for low S values and seems to converge to r 1 for large S. The value ͑⌬r / r 1 ͒ −1 is approximately proportional to ⌰, as the lower part of Fig. 3 shows.
The GDE front position is to some extent arbitrary because it depends on r n , which is a free parameter. We can therefore choose a r n value such that the GDE matches the kinetic equation best. Specifically, r n can be chosen such that the number density of clusters in the front region is equal for both models. This condition implies that the integral ͐F͑r͒dr over the front should be equal. We have computed the asymptotic value of r n that satisfies this requirement, for the same S and ⌰ values as above. As Fig. 4 displays, the r n needs to be several percent higher than the critical size. A higher r n is needed for higher S and lower ⌰ values.
B. Nucleation pulse
An important experimental technique for determining nucleation rates is the nucleation pulse method. 22, 23, 25 In this method, a gas-vapor mixture is first rapidly expanded and then recompressed. The expansion causes a temperature drop and a consequent supersaturation increase. Nucleation takes place during the pulse, a short ͑0.1-1 ms͒ period between the expansion and recompression, when the pressure, temperature, and supersaturation are held constant. The recompression of the mixture reduces the supersaturation and stops nucleation. However, the supersaturation after the pulse remains larger than unity, so the droplets that were formed during the pulse grow until they can be detected.
We have evaluated both models in an idealized nucleation pulse. The expansion stage was neglected, and the computation was started at the pulse conditions. The pulse stage then corresponds to the case of constant temperature and supersaturation that has already been covered in Sec. IV A. We also ignored the recompression time at the end of the pulse and reduced the supersaturation instantaneously. Furthermore, in the GDE we neglected the small nucleation rate after the pulse, so that the homogeneous solution ͓Eq. ͑28͔͒ applies. Figure 5 shows the evolution of the distribution after a pulse of dimensionless duration C 1 ⌬t = 220. This corresponds to a duration of 0.05 ms, which is quite short and has a pronounced effect on the shape of the distribution function. The pulse conditions are taken the same as the conditions of Fig. 2 , and the conditions after the pulse represent water vapor at 253 K with a supersaturation of 2.3 ͑Table I, line A1͒.
The increase in r ‫ء‬ causes a rapid collapse of the distribution function at small sizes. In the deterministic GDE, all droplets that become subcritical after the pulse ͑droplets sized between r 0 ‫ء‬ and r 1 ‫ء‬ in Fig. 5͒ will eventually evaporate.
The sharp lower boundary of the GDE distribution moves to smaller sizes ͑at = 0.45 it can be seen as a vertical straight line͒ until it reaches r = 0 and the part of the GDE distribution below r 0 ‫ء‬ becomes smooth. The kinetic distribution shows a similar collapse but does not decrease toward zero at small sizes. Instead, the distribution converges to the new steadystate distribution, which is lower than the old one, but still high at small sizes. Interestingly, the GDE prediction is accurate down to about r =2r 1 , which is an even smaller radius than the original minimum radius of the distribution near r 0 ‫ء‬ . As before, the two models also differ in the front region. In our example, the change in conditions at the end of the pulse does not have an effect on the thickness of the front because the front is located at radii much larger than the critical size. Only the propagation speed of the front decreases.
At intermediate droplet sizes, the agreement between 
͑32͒
This condition is satisfied for relatively large values of F with small enough first and second derivatives. Therefore, although the drift flux ṙF is zero at the critical radius, the drift term ‫͑ץ‬ṙF͒ / ‫ץ‬r can be dominant compared to the diffusion term.
In nucleation pulse experiments, the number of droplets that are larger than a certain radius is detected. This smallest detectable radius is usually much larger than the critical size. Therefore, the large difference between the GDE and the kinetic equation at small sizes has no influence on the predicted number of detected droplets. The only remaining difference is that of the front of the distribution. As we have shown in Sec. IV A, this difference can be minimized if a suitable initial radius is chosen in the GDE. The predicted number of detectable droplets is then the same in both models.
Let us consider how the nucleation pulse is used experimentally to determine nucleation rates. It is assumed that the nucleation rate is constant in time and all nuclei are eventually detected, and the experimental nucleation rate is computed from
where expt is the number density of detected droplets and ⌬t is the pulse duration. The underlying assumption is that
which is not exactly true because it takes a certain time to establish the steady-state J and to stop the nucleation after the end of the pulse. Furthermore, at the end of the pulse r ‫ء‬ increases, so some droplets become subcritical, then evaporate, and are not detected. The kinetic model allows us to test the accuracy of the approximation in Eq. ͑34͒, by computing the ratio of detected droplets, defined here as
where kin is the number density of droplets that reach a detectable size in the kinetic model. As long as the detectable size is much larger than the critical size, d does not depend on the detectable size. The ratio d then depends on five parameters: the pulse conditions S 0 and ⌰ 0 , the conditions after the pulse S 1 and ⌰ 1 , and the dimensionless pulse duration ⌬. The number of parameters is too large to compute the ratio d for all possible conditions. Therefore, we have evaluated it for two sets of S and ⌰ values, as a function of ⌬, shown in Fig. 6 . For short pulses the detected ratio is small because most droplets become subcritical after the pulse and evaporate. For long pulses, the number of evaporating droplets and the transient behavior of J become relatively unimportant. However, care must be taken that the pulse is not made too long because depletion cannot be ignored for long pulses. The effects of depletion are not included in our current model, so Fig. 6 does not show the errors made for long pulse dura- ‫ء‬ and after the pulse r 1 ‫ء‬ is indicated. Near r 0 ‫ء‬ , the dashed vertical line is the minimum radius of the GDE distribution at the end of the pulse. The solid near-vertical curves near r / r 1 = 2 approximate the steady-state distribution for the conditions after the pulse.
tions. Conversely, depletion is negligible for short pulses, so Fig. 6 can be used to obtain a lower limit for the pulse duration.
V. CONCLUSION
We have addressed the problem of the formation of droplets in a supersaturated vapor, both with a discrete kinetic equation and a continuous general dynamic equation. The relationship between the equations can be easily understood by writing the kinetic equation as a Fokker-Planck equation in continuous radius coordinates. Neglecting the diffusion term in this equation immediately leads to the GDE.
The advantage of the kinetic equation is that it correctly describes nucleation and growth simultaneously. This is not trivial for the GDE since it shows a singular behavior near the critical radius. It is therefore necessary to change the GDE such that new droplets are introduced at a radius that is slightly larger than the critical radius. By adjusting this initial radius, selected differences between the GDE and the kinetic equation can be minimized. As an example, we have shown the initial radius that is required for agreement of the total number density of large droplets.
We have compared the kinetic equation and the GDE for constant temperature and supersaturation and in a nucleation pulse. Three radius ranges can be distinguished. First, the shape of the front is sharp in the GDE size distribution and smooth in the kinetic one, illustrating the absence in the GDE of diffusion in size space. Second, for droplet sizes between the critical region and the front region, the GDE agrees well with the kinetic equation. If nucleation is unimportant compared to the existing droplet concentration, the GDE is also accurate in the critical region. Finally, at the lower end of the size range, between monomers and the critical size, large differences between the models are inevitable. The kinetic distribution is high in this size range because of the high concentration of monomers, whereas the GDE distribution approaches zero for small radii.
The application of the kinetic model to a nucleation pulse enabled us to assess the accuracy of the nucleation pulse method as it is experimentally used. It was found that short pulses lead to an evaporation of a considerable part of the droplets that are formed, which decreases the accuracy of the determined nucleation rate.
A limitation of this study is that the models have not been evaluated for continuously changing conditions, such as the flow in a nozzle. In such a situation, the agreement between the models could be different. 6 . Ratio of the detected number density of droplets and the assumed number density in the nucleation pulse method J⌬t, as a function of the dimensionless pulse duration. Line B corresponds to typical pulse conditions from experiments in our group ͑Ref. 23͒. The dot represents the pulse duration ⌬ = 211 that was experimentally used for these conditions. Line C represents a typical pulse condition from the experiments of Wölk and Strey ͑Ref. 22͒, with experimental pulse duration ⌬ Ϸ 1.4ϫ 10 4 . Conditions are listed in Table I. 
